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Abstract
Background
Several studies reported an association between Caesarean section (CS) birth and child-
hood obesity. However, there are several limitations in the current literature. These include
an inability to distinguish between planned and emergency CS, small study sample sizes
and not adjusting for pre-pregnancy body-mass-index (BMI). We examined the association
between CS delivery and childhood obesity using the United Kingdom Millennium Cohort
Study (MCS).
Methods
Mother-infant pairs were recruited into the MCS. Use of sampling weights ensured the sam-
ple was representative of the population. The exposure was categorised as normal vaginal
delivery (VD) [reference], assisted VD, planned CS and emergency CS. Childhood obesity
prevalence, at age three, five, seven, eleven and fourteen years was calculated using the
International Obesity Taskforce criteria. Mixed-effects linear regression models were fitted
with associations adjusted for several potential confounders like maternal age, pre-preg-
nancy BMI, education and infant macrosomia. Linear regression models were fitted evaluat-
ing body fat percentage (BF%), at age seven and fourteen years.
Results
Of the 18,116 infants, 3872 (21.4%) were delivered by CS; 9.2% by planned CS. Obesity
prevalence was 5.4%, 5.7%, 6.5%, 7.1% and 7.6% at age three, five, seven, eleven and
fourteen years respectively. The mixed-effects linear regression model showed no associa-
tion between planned (adjusted mean difference = 0.00; [95% confidence interval (CI) -0.10;
0.10], p-value = 0.97) or emergency CS (adjusted mean difference = 0.08; [95% CI -0.01;
0.17], p-value = 0.09) and child BMI. At age seven years, there was no association between
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planned CS and BF% (adjusted mean difference = 0.13; [95% CI -0.23; 0.49]); there was no
association at age fourteen years.
Conclusions
Infants born by planned CS did not have a significantly higher BMI or BF% compared to
those born by normal VD. This may suggest that the association, described in the literature,
could be due to the indications/reasons for CS birth or residual confounding.
Introduction
As summarised by several systematic reviews and meta-analyses[1–5], numerous studies have
found a consistent association between Caesarean section (CS) birth and subsequent childhood
obesity. However, it remains unclear if this association indicates that CS causes obesity in child-
hood or is indicative of underlying confounding factors. A trial randomising pregnant women
to deliver by CS or vaginally (VD) would provide definitive evidence.[6] In the absence of this
clinical trial, data from observational studies, albeit limited by the paucity and small sample size
of relevant studies, have been leveraged by controlling for major confounding variables, notably
from maternal pre-pregnancy body mass index (BMI),[7] by considering obesity in siblings dis-
cordant for birth mode,[8, 9] and by comparing those born by elective and emergency CS.[10–
14] Animal[15, 16] and microbial studies[17, 18] have also helped to investigate this question.
Differences in the infant gut microflora, which influence nutrient uptake, is the main
hypothesised mechanism by which childhood obesity develops following CS delivery in off-
spring.[19–21] Differential exposure to the vaginal, perineal and faecal microflora between
infants born by CS, particularly elective CS, and those born vaginally is presumed to determine
the initial composition of an infant’s gut microflora.[22, 23] There is the contentious possibil-
ity, however, that the putative placental microbiota influences composition too, regardless of
delivery mode.[24, 25] Another potential mechanism relates to differences between infants
born by CS and VD in the intrapartum concentration of cortisol, noradrenaline and other
inflammatory chemicals,[26, 27] which may result in long term neuro-immuno-endocrine,
epigenetic and other changes which may influence energy metabolism.
Studying the associations underlying the role of CS with childhood obesity is important,
given the global increase in CS rates and the epidemic of childhood obesity.[28–30] We
recently performed two studies[10, 31] to address some of the limitations of previous reports,
but both studies only followed-up offspring to age five years.
According to the systematic reviews and meta-analyses estimates of the strength of associa-
tion between birth mode and childhood obesity, albeit with bias favouring positive effects,
have been generally less than a relative risk of 1.50.[3, 4]
We aimed to investigate the association between planned/elective CS, a potentially modifi-
able risk factor, and childhood obesity using a large contemporary prospective longitudinal
cohort study. In this study we used a similar approach to our previous work but with a differ-
ent and larger dataset and much longer follow-up. This included analysis of the link between
CS birth and body fat percentage (BF%) as previously performed,[31] on the basis that adipos-
ity may be a more accurate measure of obesity than BMI.[32]
Materials and methods
The Millennium Cohort Study (MCS) is an ongoing multidisciplinary nationally representa-
tive longitudinal cohort study. At approximately nine months of age, children born in the
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 2 / 13
researchers. Authors confirm that these datasets
can be accessed by others in the same manner as
the authors and they did not have special access
privileges.
Funding: G.M. is supported by the Irish Centre for
Fetal and Neonatal Translational Research
(INFANT) (grant no. 12/RC/2272). The funders had
no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.
Competing interests: The authors have declared
that no competing interests exist.
United Kingdom (UK) from September 2000 through to January 2002 were recruited into the
study, with over-sanpling for ethnic minorities. The overall sample was representative of the
population. A total of 18,827 infants were enrolled. To date there have been six major data col-
lection sweeps at nine months, three, five, seven, eleven and fourteen years of age. Data was
collected by trained interviewers using validated procedures and instruments. Further com-
prehensive details about the MCS are available from its cohort profile [33]. Ethical approval
for the Millennium Cohort Study surveys was granted by the London Multicentre Research
Ethics Committee.
The exposure, mode of birth, was classified as normal or assisted VD and planned or emer-
gency CS. Assisted VD constituted birth by forceps or vacuum extraction. Planned and emer-
gency CS were mainly pre-labour or in labour respectively.[10]
Height was measured using a Leicester height measure. Weight and BF % were measured
using TanitaTM scales; the latter was ascertained by the scale’s bioelectric impedance mecha-
nism. BMI in kg/m2 was classified as thin, normal, overweight or obese according to the stan-
dard International Obesity Task Force (IOTF) criteria, which are sex and age specific.[34–36].
Of the major BMI classification systems, including those from the World Health Organization
(WHO) and Centers for Disease Control and Prevention (CDC), the IOTF criteria have been
the most frequently used for this research topic.[3, 37] Using the 2006 WHO child growth
standards, anthropometric z-scores were also calculated.[38]
Statistical analysis
Stata version 14SE (StataCorp LP College Station, TX) was used for statistical analysis. Cate-
gorical variables were described using frequencies (n) and percentages (%). Numeric variables
were described using the mean (standard deviation-SD) or median (interquartile range-IQR).
In the main analysis, to account for the continuous BMI, repeated measures available at age
three, five, seven, eleven and fourteen years, crude and adjusted mixed-effects linear regression
models were generated. In secondary analysis, to replicate our prior work,[10] multinomial
logistic regression models were fitted to investigate the association between birth mode and
IOTF BMI category transition between age three and five years; 0 = remained normal (base
outcome), 1 = remained obese, 2 = became obese, 3 = became non-obese and 4 = any
other transition. Linear regression models were fitted to investigate the association between
birth mode and BF%, available at age seven and fourteen years.
Based on prior literature, potential confounders were defined a priori. These included
maternal age, ethnicity, education, marital status, couple income, infant sex, birth weight,
smoking during pregnancy, gestational age, diabetes mellitus, parity, and pre-pregnancy BMI.
We and other researchers found that infant macrosomia explained significant associations,[10,
31] we thus considered it as a potential confounder. Sub-group analysis was performed for
infants with mothers aged> 35 years, born pre-term (< 37 weeks) and by their sex. A p-
value < 0.05 was considered to be statistically significant.
Missing data
Multiple imputation was performed for maternal pre-pregnancy BMI and childhood BF%
which all had substantial amounts of missing data. We assumed this data to be missing at ran-
dom.[39] Variables in the main analysis were included in the imputation model. Forty-five
imputations were done and the results were pooled according to Rubin’s rules.[40] Imputed
values were checked for plausibility in relation to observed values.
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Results
The final baseline population consisted of 18,116 (96.2%) mother-infant pairs following exclu-
sion of infants with an unknown mode of delivery (143, 0.76%), multiple births (467, 2.48%)
and where the main respondent was not the infant’s biologic mother because some potentially
confounding variables were available only where mothers were the respondents.
Of the 18,116 infants, 3872 (21.4%) were delivered by CS; planned CS (9.2%), emergency
CS (12.2%), normal VD 12,567 (69.4%) and assisted VD 1,677 (9.3%) (Table 1). At birth,
10.8% of the infants were macrosomic (> 4kg). The IOTF prevalence of obesity at ages three,
five, seven, eleven and fourteen years of age was 5.4%, 5.7%, 6.5%, 7.1% and 7.6% respectively
(S1 Table). According to the WHO criteria overweight and obesity prevalence at age three
years was 5.2% and 1.8% respectively (S1 Table). At age seven years, the mean (SD) BF% was
calculated at 19.1% (±5.1%) and 21.5% (±5.6%) for boys and girls respectively. The respective
values at age fourteen years were 14.9% (±8.2%) and 26.6% (±7.0%).
Infants with missing data tended to have mothers that were younger, had General Certifi-
cate of Secondary Education grades D-G and an income of 0–10399 UK pounds–S2 Table.
The mean BMI by the four birth modes is depicted at each of the five time points, from age
three to fourteen years, in S1 Fig. On average, mean BMI was lowest for normal VD and high-
est for planned CS. The mean BMI reached its nadir, of 16.3 kg/m2 at age five years. Fig 1
depicts the mean BMI for all VD and CS births; it was highest for the latter. Those born by
planned CS had a mean BMI that was similar to those born by normal VD (adjusted mean dif-
ference = 0.00; [95% confidence interval (CI) -0.10; 0.11], p-value = 0.97) (Table 2). For those
born by emergency CS the adjusted mean difference was 0.08; [95% CI -0.01; 0.17], p-
value = 0.09.
There was no association between planned CS and any BMI category transition, S3 Table.
The adjusted relative risk ratio of remaining obese from the age of three to five years among
those born by emergency CS was 1.34; [95% CI 0.98; 1.82], p-value = 0.07.
At age seven years, there was no association between planned CS and BF% (adjusted BF%
mean difference = 0.13; [95% CI -0.23; 0.49], p-value = 0.47) and emergency CS (adjusted BF%
mean difference = 0.21; [95% CI -0.11; 0.54], p-value = 0.20) in comparison to the reference
group of children delivered by unassisted VD (Table 3). At age fourteen years, there was also
no association (Table 3). Imputing missing maternal pre-pregnancy BMI and BF% did not
alter our results materially (S4 Table). The prevalence of being overweight and obese in the
observed data was almost identical to that of the pooled data.
Sub-group analysis for infants with mothers > 35 years old, born pre-term or by their sex
did not reveal any statistically significant results (S5–S8 Tables).
Discussion
Main findings
From a large contemporary prospective longitudinal cohort study, we found that infants born
by planned CS did not have an increased BMI overall, from age three to fourteen years, com-
pared with those born by normal VD. We also found that obesity prevalence increased from
age three years onwards. Infants born by planned CS did not have an increased BF% at age
seven and fourteen years compared with those born by normal VD.
Interpretation
Our results are identical to those of another study that used MCS data, albeit at age three years.
[41] This cross-sectional study, which estimated overweight risk in childhood from predictors
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
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Table 1. Characteristics of the study population.
Characteristic Overall
n (%)
Normal vaginal
delivery
n (%)
Assisted vaginal
delivery a
n (%)
Planned Caesarean
section
n (%)
Emergency Caesarean
section
n (%)
N 18,116
(100)
12,567
(69.4)
1677 (9.3) 1669 (9.2) 2203 (12.2)
Maternal age (years), median IQR 29 (24–33) 28 (23–32) 29 (24–32) 31 (27–34) 30 (25–33)
< 20 1572 (8.7) 1,214 (9.7) 171 (10.2) 42 (2.5) 145 (6.6)
20–24 3491 (19.3) 2,643 (21.0) 291 (17.4) 207 (12.4) 350 (15.9)
25–29 5010 (27.7) 3,491 (27.8) 505 (30.1) 409 (24.5) 605 (27.5)
30–34 5215 (28.8) 3,447 (27.4) 479 (28.6) 605 (36.2) 684 (31.0)
35–39 2443 (13.5) 1,541 (12.3) 210 (12.5) 342 (20.5) 350 (15.9)
� 40 382 (2.1) 228 (1.8) 21 (1.3) 64 (3.8) 69 (3.1)
Ethnicity
European 15,180 (83.3) 10,411 (82.2) 1,525 (90.9) 1,426 (85.4) 1,818 (82.5)
Asian 1,911 (10.5) 1,424 (11.3) 101 (6.0) 163 (9.8) 223 (10.1)
African 664 (3.7) 464 (3.7) 20 (1.2) 51 (3.1) 129 (5.9)
Mixed 186 (1.0) 134 (1.1) 15 (0.9) 17 (1.0) 20 (0.9)
Any other background 146 (0.8) 107 (0.9) 15 (0.9) 11 (0.7) 13 (0.6)
Missing 29 (0.2) 27 (0.2) 1 (0.1) 1 (0.1) 0 (0.0)
Highest education
GCSE grades D-G 1,944 (10.7) 1,392 (11.1) 158 (9.4) 163 (9.8) 231 (10.5)
O level / GCSE grades A-C 6,047 (33.4) 4,202 (33.4) 567 (33.8) 570 (34.2) 708 (32.1)
A / AS / S levels 1,687 (9.3) 1,153 (9.2) 183 (10.9) 137 (8.2) 214 (9.7)
Diplomas in higher education 1,511 (8.3) 962 (7.7) 179 (10.7) 166 (9.9) 204 (9.3)
First degree 2,229 (12.3) 1,369 (10.9) 302 (18.0) 218 (13.1) 340 (15.4)
Higher degree 604 (3.3) 376 (3.0) 66 (3.9) 72 (4.3) 90 (4.1)
Other academic qualifications (including
overseas)
526 (2.9) 382 (3.0) 37 (2.2) 43 (2.6) 64 (2.9)
None of these qualifications 3,521 (19.4) 2,691 (21.4) 184 (11.0) 299 (17.9) 347 (15.8)
Missing 47 (0.3) 40 (0.3) 1 (0.1) 1 (0.1) 5 (0.2)
Total net couple income (UK pounds)
0–10399 1,858 (10.3) 1,360 (10.8) 136 (8.1) 151 (9.0) 211 (9.6)
10400–15599 2,522 (13.9) 1,837 (14.6) 201 (12.0) 209 (12.5) 275 (12.5)
15600–19799 2,533 (14.0) 1,762 (14.0) 241 (14.4) 226 (13.5) 304 (13.8)
20800–30199 3,185 (17.6) 2,089 (16.6) 336 (20.0) 334 (20.0) 426 (19.3)
31200–80000+ 3,198 (17.7) 1,984 (15.8) 385 (23.0) 371 (22.2) 458 (20.8)
Not applicable 3,525 (19.5) 2,639 (21.0) 271 (16.2) 227 (13.6) 388 (17.6)
Don’t know 921 (5.1) 652 (5.2) 64 (3.8) 110 (6.6) 95 (4.3)
Refused 374 (2.1) 244 (1.9) 43 (2.6) 41 (2.5) 46 (2.1)
Marital status
Legally separated 516 (2.8) 392 (3.1) 24 (1.4) 39 (2.3) 61 (2.8)
Married, 1st and only marriage 10016 (55.3) 6,741 (53.6) 958 (57.1) 1,073 (64.3) 1,244 (56.5)
Remarried, 2nd or later marriage 730 (4.0) 484 (3.9) 46 (2.7) 98 (5.9) 102 (4.6)
Single never married 6100 (33.7) 4,419 (35.2) 594 (35.4) 370 (22.2) 717 (32.5)
Divorced 719 (4.0) 507 (4.0) 53 (3.2) 83 (5.0) 76 (3.4)
Widowed 33 (0.2) 22 (0.2) 2 (0.1) 6 (0.4) 3 (0.1)
Missing 2 (0.0) 2 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Body mass index (kg/m2) pre-pregnancy,
median IQR
22.7 (20.6–
25.7)
22.5 (20.6–25.3) 22.5 (20.7–25.1) 23.7 (21.4–27.1) 23.4 (21.2–26.8)
(Continued)
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during infancy, found no association between CS birth and being overweight at age three
years. One of the few studies to utilise within family analysis, in addition to traditional observa-
tional cohort analytic techniques, also found no association between CS birth and childhood
obesity.[42] The national representativeness and the generalisability of this MCS study result
to the UK population is reinforced by similar CS rates of ~21% in this cohort and in the gen-
eral population at the turn of the second millennium.[43]
As we previously reported using a different cohort, there was no association between
planned/elective CS delivery and obesity or transition into or out of obesity between ages three
and five years.[10]
The natural history of BMI across the life course identifies peak BMI during the first two
years of life which then reaches the lowest post infancy values at around five years of age.[44]
This takes into account that infants born by CS have a higher BMI than those born by VD. We
too found this BMI pattern, namely a nadir around age five, and CS infants having a non-sig-
nificantly higher BMI.[10, 31] Cross sectional analysis of the association between mode of
Table 1. (Continued)
Characteristic Overall
n (%)
Normal vaginal
delivery
n (%)
Assisted vaginal
delivery a
n (%)
Planned Caesarean
section
n (%)
Emergency Caesarean
section
n (%)
Missing 1558 (8.6) 1,110 (8.8) 96 (5.7) 159 (9.5) 193 (8.8)
Smoking during pregnancy
Non-smoker 12,927 (71.4) 8,935 (71.1) 1,169 (69.7) 1,244 (74.5) 1,579 (71.7)
Gave up 2,298 (12.7) 1,526 (12.1) 268 (16.0) 208 (12.5) 296 (13.4)
Smoker 2,877 (15.9) 2,094 (16.7) 239 (14.3) 216 (12.9) 328 (14.9)
Missing 14 (0.1) 12 (0.1) 1 (0.1) 1 (0.1) 0 (0.0)
Diabetes mellitus
Any kind of diabetes mellitus 313 (1.7) 144 (1.1) 18 (1.1) 79 (4.7) 72 (3.3)
No diabetes mellitus 17,802 (98.3) 12,422 (98.8) 1,659 (98.9) 1,590 (95.3) 2,131 (96.7)
Missing 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Number of other children–‘parity’
1 17,474 (96.5) 12,113 (96.4) 1,663 (99.2) 1,571 (94.1) 2,127 (96.6)
2 470 (2.6) 320 (2.5) 11 (0.7) 83 (5.0) 56 (2.5)
3+ 168 (0.9) 131 (1.0) 3 (0.2) 15 (0.9) 19 (0.9)
Missing 4 (0.0) 3 (0.0) 0 (0.0) 0 (0.0) 1 (0.0)
Sex
Male 9,322 (51.5) 6,330 (50.4) 930 (55.5) 814 (48.8) 1,248 (56.7)
Female 8,794 (48.5) 6,237 (49.6) 747 (44.5) 855 (51.2) 955 (43.3)
Gestational age (weeks)
Preterm (< 37) 1708 (9.4) 978 (7.8) 100 (6.0) 178 (10.7) 452 (20.5)
Term (37–41) 15,992 (88.3) 11,306 (90.0) 1,535 (91.5) 1,467 (87.9) 1,684 (76.4)
Postterm (> 42) 225 (1.2) 147 (1.2) 28 (1.7) 6 (0.4) 44 (2.0)
Missing 191 (1.1) 136 (1.1) 14 (0.8) 18 (1.1) 23 (1.0)
Birth weight (kg), median IQR 3.37 (3.03–
3.71)
3.37 (3.04–3.71) 3.43 (3.15–3.77) 3.35 (3–3.69) 3.36 (2.84–3.80)
Missing 14 (0.1) 11 (0.1) 0 (0.0) 3 (0.2) 0 (0.0)
Macrosomia (> 4kg) 1,957 (10.8) 1,264 (10.1) 184 (11.0) 177 (10.6) 332 (15.1)
UK (United Kingdom), SD (Standard deviation), IQR (Interquartile range), GCSE (General Certificate of Secondary Education).
Vacuum or forceps a
https://doi.org/10.1371/journal.pone.0223856.t001
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birth and BMI would therefore be influenced by the natural history and the age at which analy-
sis was done. Therefore the first two years of life, during which BMI reaches a peak seems to be
when the greatest, statistically significant, divergence in BMI between CS and VD born infants
occurs.[14, 31, 44]
The prevalence of childhood obesity, in our study, did not follow a trajectory wherein it
declines from age two to fourteen.[45] This may be due to the global childhood obesity epi-
demic driven by positive caloric intake.[29] In the MCS, family lifestyle may also have been
contributory.[46]
That delivery mode is not associated with BF%, in both girls and boys, has been reported
from a Brazilian longitudinal cohort study, and also in our previous publication.[31, 47]
Fig 1. Mean body mass index by birth mode from age three to fourteen years with 95% confidence intervals–thin lines–for non-macrosomic infants born
by normal vaginal delivery and by planned Caesarean section.
https://doi.org/10.1371/journal.pone.0223856.g001
Table 2. Mode of birth and body mass index.
BMI Coef (95% CI) p-value AdjCoef (95% CI)�� p-value
Normal vaginal reference reference
Assisted vaginal -0.08 (-0.18; 0.02) 0.116 -0.03 (-0.13; 0.07) 0.567
Planned Caesarean 0.18 (0.08; 0.28) 0.000 0.00 (-0.10; 0.10) 0.971
Emergency Caesarean 0.18 (0.09; 0.27) 0.000 0.08 (-0.01; 0.17) 0.091
Time points for adjusted model = 50,917 at ages three, five, seven, eleven and fourteen years. Mixed-effects linear regression. BMI–Body mass index, Coef (Coefficient),
CI (Confidence intervals), Adj (Adjusted).
��Adjusted for maternal age, ethnicity, education, marital status, couple income, infant sex, birth weight, smoking, gestational age, diabetes mellitus, parity, pre-
pregnancy BMI (Non-macrosomic infants).
https://doi.org/10.1371/journal.pone.0223856.t002
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Disparate findings were reported from a Mexican study (n = 256) which also used bioelectric
impedance to assess body composition at approximately age seven years.[48] Girls, but not boys,
born by CS had a higher fat mass index although no distinction was made between planned and
emergency CS. Our main findings are similar to those reported in adolescents, aged fifteen years,
where, after adjusting for potential confounders, no association was found between CS birth and
obesity—as defined according to WHO Standards.[49] A United States study, albeit with a sam-
ple size of less than a thousand, found that delivery type did not predict obesity in adolescence.
[50] These aforementioned results would be in keeping with how the infant microbiota under-
goes considerable reorganisation in the first six weeks of life which is influenced by body site
rather than by delivery mode.[17] Disparate findings have been reported, with obesity rates
higher in twenty year olds delivered by CS, although the underlying sample was not nationally
representative, thereby reducing external validity.[13]. The exposures planned and emergency
CS likely have different confounding structures. Although the results were null for both types of
exposure, the point estimates were generally greater for emergency CS than for planned CS
which is reflective of this underlying dissimilar confounding structure. Around the time of
puberty,[51] an acceleration of BMI towards adult values was observed at age eleven and four-
teen years, however the association between delivery mode and BMI remained non-significant.
Strengths and limitations
Firstly, the MCS cohort is a large nationally representative prospective study which allows
ready generalisation of findings to the population. In contemporary literature, the baseline
sample size of over 18,000 represents one of the largest cohorts and the follow-up to age four-
teen years is one of the longest thus far perfomed.[10, 14] Secondly, maternal pre-pregnancy
BMI, a key confounder, was available, thus mitigating a key limitation of previous analyses.[3]
Thirdly, it was possible to separate CS birth into planned and emergency CS which only a lim-
ited number of earlier studies have managed to do.[10–12, 14] Fourthly, having children born
during every month of the year mitigated the effects of seasonality. This was important since
birth month can be a proxy for seasonal attributes which may influence future health.[52]
With planned CS, membranes were unlikely to have ruptured as women were not in labour.
Since our hypothesis was based on pre-labour CS, the classification of CS[53] into planned and
emergency was unlikely to have influenced our results. Although the final mode of birth was
obtained from mothers approximately nine months post-partum, maternal recall of delivery
Table 3. Mode of delivery and body fat percent at seven and fourteen years.
Delivery mode (seven years) Coef. (95% CI) p-value AdjCoef. (95% CI)�� p-value
Normal vaginal delivery reference reference
Assisted vaginal -0.21 (-0.56; 0.14) 0.248 0.03 (-0.31; 0.37) 0.864
Planned Caesarean 0.43 (0.08; 0.78) 0.016 0.13 (-0.23; 0.49) 0.466
Emergency Caesarean 0.35 (0.03; 0.67) 0.032 0.21 (-0.11; 0.54) 0.199
Delivery mode (fourteen years) Coef. (95% CI) p-value AdjCoef. (95% CI)�� p-value
Normal vaginal delivery reference reference
Assisted vaginal -1.26 (-1.91; -0.61) 0.000 -0.40 (-0.94; -0.13) 0.139
Planned Caesarean 0.50 (-0.16; 1.15) 0.135 -0.08 (-0.64; 0.47) 0.769
Emergency Caesarean -0.04 (-0.62; -0.55) 0.904 -0.00 (-0.50; 0.50) 0.999
N for adjusted model = 10,254 and 8,279 at age seven and fourteen respectively. Linear regression. Coef (Coefficient), CI (Confidence intervals), Adj (Adjusted).
��Adjusted for maternal age, ethnicity, education, marital status, couple income, infant sex, birth weight, smoking, gestational age, diabetes mellitus, parity, pre-
pregnancy body mass index (Non-macrosomic infants).
https://doi.org/10.1371/journal.pone.0223856.t003
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mode in the MCS has been demonstrated to be reliable, (approximately 98% of mothers
recalled this accurately).[54] Paucity of phenotypic data from fathers represents a constraint
because they have been demonstrated to play a significant role in the development of child-
hood obesity.[55] We did not have data that permitted within family analysis.[8, 9] Due to
unavailability of data on antibiotics administered intrapartum, our results were not adjusted
for this potentially confounding factor. However, we are confident that this limitation did not
alter our results because previous studies that adjusted for intrapartum antibiotic administra-
tion did not have their results changed materially.[14, 44] The confounding factor maternal
gestational weight gain, which is linked to post-pregnancy weight retention, was not available.
This limited our study. However because of the high degree of correlation between pre-preg-
nancy BMI and gestational weight gain we believe our models had sufficient merit.[56, 57]
Using bioelectric impedance, for large studies like the MCS, is advantageous because of its por-
tability, ease of use and low cost; the disadvantage however is that bioelectric impedance
underestimates BF%.[58] Using other BMI classification, like the WHO system, would not
change the results of the comparisons of the absolute values of BMI.
Most CS births are performed under regional anaesthesia, thus the kind of anaesthesia was
unlikely to have contributed to our results.[59] It was not possible to rule out possible confound-
ing due to the underlying reasons for CS because there were no further variables like previous CS
available to capture the health of the mother prior to birth and the exact indications for CS birth
were unavailable. In addition, as for any observational study, it was not possible to completely
exclude residual confounding. Attrition of participants, which was more pronounced at later
ages–up to 43.3%, also represents a limitation. Multiple imputation suggested that this missing
data did not affect our results. Although there was inherent lack of power for some analyses, par-
ticularly at later ages because of loss to follow-up, consistency of the results suggests their merit.
Conclusion
Infants born by planned CS did not have a significantly higher BMI or BF% compared to those
born by normal VD. This may suggest that the association described in the literature could be
due to the indications/reasons for CS birth or residual confounding.
Supporting information
S1 Table. International Obesity Task Force classification of body mass index from age
three to fourteen and body fat% at age seven and fourteen.
(PDF)
S2 Table. Missing data for body mass index at age two years.
(PDF)
S3 Table. Mode of delivery and BMI category transition between ages three and five.
(PDF)
S4 Table. Mode of delivery and body fat percent at seven and fourteen years. Imputed pre-
pregnancy BMI and childhood body fat percent.
(PDF)
S5 Table. Mode of birth and body mass index for infants with mothers > 35 years old.
(PDF)
S6 Table. Mode of birth and body mass index for infants born pre-term.
(PDF)
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 9 / 13
S7 Table. Mode of birth and body mass index for male infants.
(PDF)
S8 Table. Mode of birth and body mass index for female infants.
(PDF)
S1 Fig. Mean body mass index by birth mode from age three to fourteen years.
(PDF)
Acknowledgments
We acknowledge and thank the MCS participants.
Author Contributions
Conceptualization: Gwinyai Masukume, Ali S. Khashan, Susan M. B. Morton, Philip N.
Baker, Louise C. Kenny, Fergus P. McCarthy.
Formal analysis: Gwinyai Masukume.
Funding acquisition: Susan M. B. Morton, Philip N. Baker, Louise C. Kenny.
Methodology: Gwinyai Masukume, Ali S. Khashan, Susan M. B. Morton, Philip N. Baker,
Louise C. Kenny, Fergus P. McCarthy.
Supervision: Ali S. Khashan, Susan M. B. Morton, Philip N. Baker, Louise C. Kenny, Fergus P.
McCarthy.
Writing – original draft: Gwinyai Masukume.
Writing – review & editing: Ali S. Khashan, Susan M. B. Morton, Philip N. Baker, Louise C.
Kenny, Fergus P. McCarthy.
References
1. Li HT, Zhou YB, Liu JM. The impact of cesarean section on offspring overweight and obesity: a system-
atic review and meta-analysis. International journal of obesity (2005). 2013; 37(7):893–9. Epub 2012/
12/05. https://doi.org/10.1038/ijo.2012.195 PMID: 23207407.
2. Darmasseelane K, Hyde MJ, Santhakumaran S, Gale C, Modi N. Mode of delivery and offspring body
mass index, overweight and obesity in adult life: a systematic review and meta-analysis. PLoS One.
2014; 9(2):e87896. Epub 2014/03/04. https://doi.org/10.1371/journal.pone.0087896 PMID: 24586295;
PubMed Central PMCID: PMC3935836.
3. Kuhle S, Tong OS, Woolcott CG. Association between caesarean section and childhood obesity: a sys-
tematic review and meta-analysis. Obesity reviews: an official journal of the International Association
for the Study of Obesity. 2015; 16(4):295–303. Epub 2015/03/11. https://doi.org/10.1111/obr.12267
PMID: 25752886.
4. Sutharsan R, Mannan M, Doi SA, Mamun AA. Caesarean delivery and the risk of offspring overweight
and obesity over the life course: a systematic review and bias-adjusted meta-analysis. Clinical obesity.
2015; 5(6):293–301. Epub 2015/08/20. https://doi.org/10.1111/cob.12114 PMID: 26286021.
5. Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated with cesarean delivery for
mother, baby, and subsequent pregnancies: Systematic review and meta-analysis. PLoS medicine.
2018; 15(1):e1002494. Epub 2018/01/24. https://doi.org/10.1371/journal.pmed.1002494 PubMed Cen-
tral PMCID: PMC5779640. PMID: 29360829
6. Mitchell C, Chavarro JE. Mode of delivery and childhood obesity: Is there a cause for concern? JAMA
Network Open. 2018; 1(7):e185008. https://doi.org/10.1001/jamanetworkopen.2018.5008 PMID:
30646374
7. Bar-Meir M, Friedlander Y, Calderon-Margalit R, Hochner H. Mode of delivery and offspring adiposity in
late adolescence: The modifying role of maternal pre-pregnancy body size. PLoS One. 2019; 14(1):
e0209581. Epub 2019/01/04. https://doi.org/10.1371/journal.pone.0209581 PMID: 30605457; PubMed
Central PMCID: PMC6317793.
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 10 / 13
8. Yuan C, Gaskins AJ, Blaine AI, Zhang C, Gillman MW, Missmer SA, et al. Association Between Cesar-
ean Birth and Risk of Obesity in Offspring in Childhood, Adolescence, and Early Adulthood. JAMA pedi-
atrics. 2016:e162385. Epub 2016/09/07. https://doi.org/10.1001/jamapediatrics.2016.2385 PMID:
27599167.
9. Rifas-Shiman SL, Gillman MW, Hawkins SS, Oken E, Taveras EM, Kleinman KP. Association of Cesar-
ean Delivery With Body Mass Index z Score at Age 5 Years. JAMA pediatrics. 2018. Epub 2018/06/12.
https://doi.org/10.1001/jamapediatrics.2018.0674 PMID: 29889944.
10. Masukume G, O’Neill SM, Baker PN, Kenny LC, Morton SMB, Khashan AS. The Impact of Caesarean
Section on the Risk of Childhood Overweight and Obesity: New Evidence from a Contemporary Cohort
Study. Scientific reports. 2018; 8(1):15113. Epub 2018/10/13. https://doi.org/10.1038/s41598-018-
33482-z PMID: 30310162.
11. Blustein J, Attina T, Liu M, Ryan AM, Cox LM, Blaser MJ, et al. Association of caesarean delivery with
child adiposity from age 6 weeks to 15 years. International journal of obesity (2005). 2013; 37(7):900–6.
Epub 2013/05/15. https://doi.org/10.1038/ijo.2013.49 PMID: 23670220; PubMed Central PMCID:
PMC5007946.
12. Huh SY, Rifas-Shiman SL, Zera CA, Edwards JW, Oken E, Weiss ST, et al. Delivery by caesarean sec-
tion and risk of obesity in preschool age children: a prospective cohort study. Archives of disease in
childhood. 2012; 97(7):610–6. Epub 2012/05/25. https://doi.org/10.1136/archdischild-2011-301141
PMID: 22623615; PubMed Central PMCID: PMC3784307.
13. Hansen S, Halldorsson TI, Olsen SF, Rytter D, Bech BH, Granstrom C, et al. Birth by cesarean section
in relation to adult offspring overweight and biomarkers of cardiometabolic risk. International journal of
obesity (2005). 2018; 42(1):15–9. Epub 2017/08/02. https://doi.org/10.1038/ijo.2017.175 PMID:
28757643.
14. Cai M, Loy S, Tan K, et al. Association of elective and emergency cesarean delivery with early childhood
overweight at 12 months of age. JAMA Network Open. 2018; 1(7):e185025. https://doi.org/10.1001/
jamanetworkopen.2018.5025 PMID: 30646378
15. Martinez KA 2nd, Devlin JC, Lacher CR, Yin Y, Cai Y, Wang J, et al. Increased weight gain by C-sec-
tion: Functional significance of the primordial microbiome. Science advances. 2017; 3(10):eaao1874.
Epub 2017/10/14. https://doi.org/10.1126/sciadv.aao1874 PMID: 29026883; PubMed Central PMCID:
PMC5636202.
16. Castillo-Ruiz A, Mosley M, Jacobs AJ, Hoffiz YC, Forger NG. Birth delivery mode alters perinatal cell
death in the mouse brain. Proceedings of the National Academy of Sciences. 2018; 115(46):11826.
https://doi.org/10.1073/pnas.1811962115 PMID: 30322936
17. Chu DM, Ma J, Prince AL, Antony KM, Seferovic MD, Aagaard KM. Maturation of the infant microbiome
community structure and function across multiple body sites and in relation to mode of delivery. Nat
Med. 2017; 23(3):314–26. Epub 2017/01/24. https://doi.org/10.1038/nm.4272 PMID: 28112736;
PubMed Central PMCID: PMC5345907.
18. Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer N, et al. Delivery mode
shapes the acquisition and structure of the initial microbiota across multiple body habitats in newborns.
Proceedings of the National Academy of Sciences of the United States of America. 2010; 107
(26):11971–5. Epub 2010/06/23. https://doi.org/10.1073/pnas.1002601107 PubMed Central PMCID:
PMC2900693. PMID: 20566857
19. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An obesity-associated gut
microbiome with increased capacity for energy harvest. Nature. 2006; 444(7122):1027–31. Epub 2006/
12/22. https://doi.org/10.1038/nature05414 PMID: 17183312.
20. Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, Gordon JI, et al. Energy-balance studies
reveal associations between gut microbes, caloric load, and nutrient absorption in humans. The Ameri-
can journal of clinical nutrition. 2011; 94(1):58–65. Epub 2011/05/06. https://doi.org/10.3945/ajcn.110.
010132 PMID: 21543530; PubMed Central PMCID: PMC3127503.
21. Tun HM, Bridgman SL, Chari R, Field CJ, Guttman DS, Becker AB, et al. Roles of Birth Mode and Infant
Gut Microbiota in Intergenerational Transmission of Overweight and Obesity From Mother to Offspring.
JAMA pediatrics. 2018. Epub 2018/02/21. https://doi.org/10.1001/jamapediatrics.2017.5535 PMID:
29459942.
22. Wampach L, Heintz-Buschart A, Fritz JV, Ramiro-Garcia J, Habier J, Herold M, et al. Birth mode is
associated with earliest strain-conferred gut microbiome functions and immunostimulatory potential.
Nature communications. 2018; 9(1):5091. Epub 2018/12/07. https://doi.org/10.1038/s41467-018-
07631-x PMID: 30504906; PubMed Central PMCID: PMC6269548.
23. Hill CJ, Lynch DB, Murphy K, Ulaszewska M, Jeffery IB, O’Shea CA, et al. Evolution of gut microbiota
composition from birth to 24 weeks in the INFANTMET Cohort. Microbiome. 2017; 5(1):4. Epub 2017/
01/18. https://doi.org/10.1186/s40168-016-0213-y PMID: 28095889; PubMed Central PMCID:
PMC5240274.
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 11 / 13
24. Willyard C. Could baby’s first bacteria take root before birth? Nature. 2018; 553(7688):264–6. Epub
2018/01/19. https://doi.org/10.1038/d41586-018-00664-8 PMID: 29345664
25. Theis KR, Romero R, Winters AD, Greenberg JM, Gomez-Lopez N, Alhousseini A, et al. Does the
human placenta delivered at term have a microbiota? Results of cultivation, quantitative real-time PCR,
16S rRNA gene sequencing, and metagenomics. Am J Obstet Gynecol. 2019; 220(3):267.e1–.e39.
Epub 2019/03/06. https://doi.org/10.1016/j.ajog.2018.10.018 PMID: 30832984.
26. Zanardo V, Solda G, Trevisanuto D. Elective cesarean section and fetal immune-endocrine response.
International journal of gynaecology and obstetrics: the official organ of the International Federation of
Gynaecology and Obstetrics. 2006; 95(1):52–3. Epub 2006/08/22. https://doi.org/10.1016/j.ijgo.2006.
06.022 PMID: 16920115.
27. Kiriakopoulos N, Grigoriadis S, Maziotis E, Philippou A, Rapani A, Giannelou P, et al. Investigating
Stress Response during Vaginal Delivery and Elective Cesarean Section through Assessment of Levels
of Cortisol, Interleukin 6 (IL-6), Growth Hormone (GH) and Insulin-Like Growth Factor 1 (IGF-1). J Clin
Med. 2019; 8(8). Epub 2019/07/31. https://doi.org/10.3390/jcm8081112 PMID: 31357604.
28. Boerma T, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, et al. Global epidemiology of
use of and disparities in caesarean sections. The Lancet. 2018; 392(10155):1341–8. https://doi.org/10.
1016/S0140-6736(18)31928-7
29. Kumar S, Kelly AS. Review of Childhood Obesity: From Epidemiology, Etiology, and Comorbidities to
Clinical Assessment and Treatment. Mayo Clinic proceedings. 2017; 92(2):251–65. Epub 2017/01/10.
https://doi.org/10.1016/j.mayocp.2016.09.017 PMID: 28065514.
30. Zaffarini E, Mitteroecker P. Secular changes in body height predict global rates of caesarean section.
Proceedings of the Royal Society B: Biological Sciences. 2019; 286(1896):20182425. https://doi.org/
10.1098/rspb.2018.2425 PMID: 30963921
31. Masukume G, McCarthy FP, Baker PN, Kenny LC, Morton SMB, Murray DM, et al. Association between
caesarean section delivery and obesity in childhood: a longitudinal cohort study in Ireland. BMJ Open.
2019; 9(3):e025051. https://doi.org/10.1136/bmjopen-2018-025051 PMID: 30878984
32. Hehir MP, Burke N, Burke G, Turner M, Breathnach FM, McAuliffe FM, et al. Sonographic markers of
increased fetal adiposity demonstrate an increased risk for Cesarean delivery. Ultrasound in obstetrics
& gynecology: the official journal of the International Society of Ultrasound in Obstetrics and Gynecol-
ogy. 2019. Epub 2019/03/20. https://doi.org/10.1002/uog.20263 PMID: 30887629.
33. Connelly R, Platt L. Cohort profile: UK Millennium Cohort Study (MCS). International journal of epidemi-
ology. 2014; 43(6):1719–25. Epub 2014/02/20. https://doi.org/10.1093/ije/dyu001 PMID: 24550246.
34. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and
obesity worldwide: international survey. Bmj. 2000; 320(7244):1240–3. Epub 2000/05/08. https://doi.
org/10.1136/bmj.320.7244.1240 PMID: 10797032; PubMed Central PMCID: PMC27365.
35. Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and
adolescents: international survey. Bmj. 2007; 335(7612):194. Epub 2007/06/27. https://doi.org/10.
1136/bmj.39238.399444.55 PMID: 17591624; PubMed Central PMCID: PMC1934447.
36. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight
and obesity. Pediatric obesity. 2012; 7(4):284–94. Epub 2012/06/21. https://doi.org/10.1111/j.2047-
6310.2012.00064.x PMID: 22715120.
37. Kêkê LM, Samouda H, Jacobs J, di Pompeo C, Lemdani M, Hubert H, et al. Body mass index and child-
hood obesity classification systems: A comparison of the French, International Obesity Task Force
(IOTF) and World Health Organization (WHO) references. Revue d’E´ pide´miologie et de Sante´ Publi-
que. 2015; 63(3):173–82. https://doi.org/10.1016/j.respe.2014.11.003 PMID: 26002984
38. Leroy J. zscore06: Stata command for the calculation of anthropometric z-scores using the 2006 WHO
child growth standards. 2011.
39. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation for missing
data in epidemiological and clinical research: potential and pitfalls. Bmj. 2009; 338:b2393. Epub 2009/
07/01. https://doi.org/10.1136/bmj.b2393 PMID: 19564179; PubMed Central PMCID: PMC2714692.
40. Dong Y, Peng CY. Principled missing data methods for researchers. SpringerPlus. 2013; 2(1):222.
Epub 2013/07/16. https://doi.org/10.1186/2193-1801-2-222 PMID: 23853744; PubMed Central PMCID:
PMC3701793.
41. Weng SF, Redsell SA, Nathan D, Swift JA, Yang M, Glazebrook C. Estimating overweight risk in child-
hood from predictors during infancy. Pediatrics. 2013; 132(2):e414–21. Epub 2013/07/17. https://doi.
org/10.1542/peds.2012-3858 PMID: 23858427.
42. Hawkins SS, Baum CF, Rifas-Shiman SL, Oken E, Taveras EM. Examining Associations between Peri-
natal and Postnatal Risk Factors for Childhood Obesity Using Sibling Comparisons. Childhood obesity
(Print). 2019. Epub 2019/03/19. https://doi.org/10.1089/chi.2018.0335 PMID: 30883194.
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 12 / 13
43. Betran AP, Ye J, Moller AB, Zhang J, Gulmezoglu AM, Torloni MR. The Increasing Trend in Caesarean
Section Rates: Global, Regional and National Estimates: 1990–2014. PLoS One. 2016; 11(2):
e0148343. https://doi.org/10.1371/journal.pone.0148343 PMID: 26849801; PubMed Central PMCID:
PMC4743929.
44. Vinding RK, Sejersen TS, Chawes BL, Bonnelykke K, Buhl T, Bisgaard H, et al. Cesarean Delivery and
Body Mass Index at 6 Months and Into Childhood. Pediatrics. 2017; 139(6). Epub 2017/08/18. https://
doi.org/10.1542/peds.2016-4066 PMID: 28814549.
45. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health Effects of Overweight and
Obesity in 195 Countries over 25 Years. The New England journal of medicine. 2017; 377(1):13–27.
Epub 2017/06/13. https://doi.org/10.1056/NEJMoa1614362 PMID: 28604169; PubMed Central
PMCID: PMC5479627.
46. Gray LA, Hernandez Alava M, Kelly MP, Campbell MJ. Family lifestyle dynamics and childhood obesity:
evidence from the millennium cohort study. BMC public health. 2018; 18(1):500. https://doi.org/10.
1186/s12889-018-5398-5 PMID: 29807535
47. Barros AJ, Santos LP, Wehrmeister F, Motta JV, Matijasevich A, Santos IS, et al. Caesarean section
and adiposity at 6, 18 and 30 years of age: results from three Pelotas (Brazil) birth cohorts. BMC public
health. 2017; 17(1):256. https://doi.org/10.1186/s12889-017-4165-3 PMID: 28292278; PubMed Central
PMCID: PMC5351260.
48. Azcorra H, Rodriguez L, Banik SD, Bogin B, Varela-Silva MI, Dickinson F. Caesarean birth and adipos-
ity parameters in 6- to 8-year-old urban Maya children from two cities of Yucatan, Mexico. American
journal of human biology: the official journal of the Human Biology Council. 2019:e23217. Epub 2019/
02/02. https://doi.org/10.1002/ajhb.23217 PMID: 30706581.
49. Barros FC, Matijasevich A, Hallal PC, Horta BL, Barros AJ, Menezes AB, et al. Cesarean section and
risk of obesity in childhood, adolescence, and early adulthood: evidence from 3 Brazilian birth cohorts.
The American journal of clinical nutrition. 2012; 95(2):465–70. Epub 2012/01/13. https://doi.org/10.
3945/ajcn.111.026401 PMID: 22237058; PubMed Central PMCID: PMC3260073.
50. Rooney BL, Mathiason MA, Schauberger CW. Predictors of obesity in childhood, adolescence, and
adulthood in a birth cohort. Maternal and child health journal. 2011; 15(8):1166–75. Epub 2010/10/12.
https://doi.org/10.1007/s10995-010-0689-1 PMID: 20927643.
51. Alotaibi MF. Physiology of puberty in boys and girls and pathological disorders affecting its onset. J Ado-
lesc. 2019; 71:63–71. Epub 2019/01/15. https://doi.org/10.1016/j.adolescence.2018.12.007 PMID:
30639665.
52. Doblhammer G, Vaupel JW. Lifespan depends on month of birth. Proc Natl Acad Sci U S A. 2001; 98
(5):2934–9. https://doi.org/10.1073/pnas.041431898 PMID: 11226344; PubMed Central PMCID:
PMC30243.
53. Robson MS. Classification of caesarean sections. Fetal and Maternal Medicine Review. 2001; 12
(1):23–39. Epub 01/17. https://doi.org/10.1017/S0965539501000122
54. Quigley MA, Hockley C, Davidson LL. Agreement between hospital records and maternal recall of
mode of delivery: evidence from 12 391 deliveries in the UK Millennium Cohort Study. BJOG: an inter-
national journal of obstetrics and gynaecology. 2007; 114(2):195–200. Epub 2006/12/15. https://doi.
org/10.1111/j.1471-0528.2006.01203.x PMID: 17166217.
55. Isganaitis E, Suehiro H, Cardona C. Who’s your daddy?: paternal inheritance of metabolic disease risk.
Current opinion in endocrinology, diabetes, and obesity. 2017; 24(1):47–55. Epub 2016/12/03. https://
doi.org/10.1097/med.0000000000000307 PMID: 27906710.
56. Bogaerts A, De Baetselier E, Ameye L, Dilles T, Van Rompaey B, Devlieger R. Postpartum weight tra-
jectories in overweight and lean women. Midwifery. 49:134–41. https://doi.org/10.1016/j.midw.2016.
08.010 PMID: 27638342
57. Heslehurst N, Vieira R, Akhter Z, Bailey H, Slack E, Ngongalah L, et al. The association between mater-
nal body mass index and child obesity: A systematic review and meta-analysis. PLoS medicine. 2019;
16(6):e1002817. Epub 2019/06/12. https://doi.org/10.1371/journal.pmed.1002817 PMID: 31185012;
PubMed Central PMCID: PMC6559702.
58. Delisle Nystrom C, Henriksson P, Alexandrou C, Lof M. The Tanita SC-240 to Assess Body Composi-
tion in Pre-School Children: An Evaluation against the Three Component Model. Nutrients. 2016; 8(6).
Epub 2016/06/21. https://doi.org/10.3390/nu8060371 PMID: 27322313; PubMed Central PMCID:
PMC4924212.
59. Huberman Samuel M, Meiri G, Dinstein I, Flusser H, Michaelovski A, Bashiri A, et al. Exposure to Gen-
eral Anesthesia May Contribute to the Association between Cesarean Delivery and Autism Spectrum
Disorder. Journal of Autism and Developmental Disorders. 2019. https://doi.org/10.1007/s10803-019-
04034-9 PMID: 31053992
Caesarean section delivery and childhood obesity in a British longitudinal cohort study
PLOS ONE | https://doi.org/10.1371/journal.pone.0223856 October 30, 2019 13 / 13
